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(54) Combined brush/labrynth seal for rotary machines 


(57) A labyrinth brush seal combination (28) for a 
rotating machine comprising an arcuate segment (32)of 
predetermined axial extent carrying a plurality of axial ly 
spaced, circumferentiaily and radially extending tapered 
seal teeth, and at least one circumferentiaily extending 


array of discrete bristles (38) carried by the segment 
(32) at a predetermined axial location therealong and 
projecting beyond the radial extent of the teeth (34), the 
bristles (38) having an elongated, flexible carrier strip 
(42) slidably and removably received within a slot (30) 
in the segment (32). 
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Description 

[0001] This invention relates to turbo machinery in 
genera! and more specifically, to combined labyrinth/ 
brush seals for steam and gas turbines. 
[0002] Rotary machines, such as steam and gas tur- 
bines, used for power generation and mechanical drive 
applications are generally large machines consisting of 
multiple turbine stages. High pressure fluid flowing 
through the turbine stages must pass through a series 
of stationary and rotating components, and seals be- 
tween the stationary and rotating components are used 
to control leakage. The efficiency of the turbine is direct- 
ly dependent on the ability of the seals to prevent leak- 
age, e.g., between the rotor and stator. 
[0003] Turbine designs are conventionally classified 
as either an impulse (with the majority of the pressure 
drop occurring across fixed nozzles) or a reaction (with 
the pressure drop more evenly distributed between the 
rotating and stationary vanes) type. Both designs em- 
ploy sharp, rigid teeth, known as labyrinth seals to con- 
trol leakage. Traditionally, labyrinth seals of either a hi- 
lo (alternating teeth height) or straight shaft design are 
used. Such seats are employed at virtually all turbine 
locations where leakage between rotating and station- 
ary components must be controlled. 
[0004] These include interstage shaft seals, rotor end 
seals, and bucket (or blade) tip seals. While labyrinth 
seals have proved to be quite reliable, their performance 
degrades over time as a result of transient events in 
which the stationary and rotating components interfere, 
rubbing the labyrinth teeth into a 'mushroom' profile and 
opening the seal clearance. 

[0005] Another type of seal used in many environ- 
ments, including rotary machines, is a brush seal. Brush 
seals are generally less prone to leakage than labyrinth 
seals. A brush seal can also accommodate relative ra- 
dial movement between fixed and rotational compo- 
nents, for example, between a rotor and a stator, be- 
cause of the flexure of the seal bristles. Brush seals also 
generally conform better to surface nonuniformities. The 
result of using brush seals is better sustained rotary ma- 
chine performance than is generally possible with laby- 
rinth seals. 

[0006] The combining of brush seals with labyrinth 
seals for turbine applications is disclosed in commonly 
owned pending application Serial Nos. 08/672,665 filed 
June 28, 1996 and 08/719,667 filed September 25, 
1996. The subject matter of these applications is incor- 
porated herein by reference. 

[0007] Brush seals disclosed in the '665 and '667 ap- 
plications comprise bristle packs secured between a 
pair of rigid plates, with the bristles welded to the plates. 
The plates are precisely machined to fit within a station- 
ary annular groove (the brush seals typically include four 
segments which, when installed, create a 360° seal). As 
such, individual brush seals are designed for one par- 
ticular diameter groove. In the field of industrial/turbo 


machinery, however, several different diameter seals 
may be required which nevertheless perform substan- 
tially identical functions. Accordingly, different tooling is 
required for each small diameter change, significantly 
increasing the cost of such seals. 
[0008] According to a first aspect of the invention, 
there is provided a labyrinth/brush seal combination for 
a rotating machine comprising an arcuate segment of 
predetermined axial extent carrying a plurality of ax tally 
spaced, circumferentialty and radially extending seat 
teeth, and at least one circumf erentially extending array 
of discrete bristles carried by said segment at a prede- 
termined axial location therealong and projecting be- 
yond the radial extent of said teeth, said bristles held 
within a first flexible carrier strip slidably and removably 
received within a slot in said segment. 
[0009] According to a second aspect of the invention, 
there is provided a rotary machine comprising: rotatable 
component; a fixed component surrounding said rotat- 
able component; said components lying about a com- 
mon axis; a labyrinth seal between said fixed and rotat- 
able components comprising a plurality of seal seg- 
ments, each segment including a plurality of axially 
spaced circumferentialty extending teeth projecting ra- 
dially toward said rotatable component; each labyrinth 
seal segment including at least one brush seal compris- 
ing an array of discrete bristles carried by said fixed 
component for disposition axially adjacent at least one 
of said teeth; wherein said discrete bristles are mounted 
to a first elongated, flexible, deformable carrier strip and 
wherein said strip is slidably received within an arcuate 
slot formed in said segment whereby said brush seal 
conforms to the curvature of said segment. 
[0010] In accordance with a preferred embodiment of 
the present invention, unique brush seal segments are 
provided which have great flexibility with respect to seal 
diameter and which significantly reduce the cost of the 
seals. 

[0011] In accordance with an exemplary embodiment 
of this invention, brush bristles are mounted in a flexible 
holder in the form of an elongated, stainless steel chan- 
nel which is crimped to the bristles. This arrangement 
allows simple and cost effective manufacture of essen- 
tially continuous lengths of the bristle portion of the 
brush seal, regardless of the ultimate diameter of the 
seal. 

[0012] The brush portion, cut into appropriate seg- 
ment lengths, is then slidably installed within T-shaped 
slots machined, for example, in labyrinth seal segments, 
adjacent one of the rigid labyrinth teeth which supports 
the bristles. The T-shaped slots are machined to the re- 
quired diameter, and the separately manufactured 
brush portion can be cut to the segment lengths and 
pushed into the slots, with the flexible channel conform- 
ing to the curvature of the slot. In the exemplary embod- 
iment, the brush portions with flexible holder may be se- 
cured within respective segment slots by set screws or 
other suitable means. 
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[0013] The significant advantage of this invention is 
that the brush arrangement including the flexible top 
component can be manufactured separately in a cost- 
effective manner, and then installed within various di- 
ameter T-siots cut into the labyrinth segments, stator, or 
other stationary machine components. 
[0014] The invention will now be described in greater 
detail, by way of example, with reference to the drawings 
in which: - 

FIGURE 1 is a schematic illustration of a conven- 
tional labyrinth sealing ring segment; 
FIGURE 2 is a schematic illustration of a combined 
labyrinth/brush seal in accordance with this inven- 
tion; 

FIGURE 2A is an enlarged detail illustrating the 
brush seal and adjacent labyrinth tooth; 
FIGURE 3 is a partial perspective of a length of 
brush seal in accordance with an exemplary em- 
bodiment of the invention; 
FIGURE 4 is a partial perspective of an elongated 
shim incorporated into the brush seal of Figure 3; 
FIGURE 5 is a partial side elevation of brush bristles 
canted at a 45° in accordance with the invention; 
and 

FIGURE 6 is a partial perspective view of an elon- 
gated shim and brush seal in accordance with an- 
other embodiment of the invention. 

[0015] Referring now to the drawing figures, particu- 
larly to Figure 1, there is illustrated a portion of a con- 
ventional rotary machine, for example, a steam turbine, 
having a turbine shaft 10 disposed in a turbine housing 
12 and which shaft 10 \s supported by conventional 
means, not shown, within the turbine housing 12. A lab- 
yrinth seal, generally designated 14, located between 
the rotating shaft 10 and the stationary housing 12, in- 
cludes a seal ring 1 6 disposed about shaft 1 0 separating 
high and low pressure regions on axially opposite sides 
of the ring. It will be appreciated that while only one seal 
16 is disclosed, typically multiple-stage labyrinth seals 
are provided about rotor shafts. Each seal ring 16 is 
formed of an annular array (usually four or more) arcu- 
ate seal elements 18 having sealing faces 20 and a plu- 
rality of radially projecting, axially spaced teeth 22. The 
teeth as shown are of a hi-lo design for obtaining close 
clearances with the radial projections or ribs 24 and the 
grooves 26 of the shaft 10. The labyrinth seal functions 
by placing a relatively large number of barriers, i.e., the 
teeth, to the flow of fluid from a high pressure region to 
a tow pressure region on opposite sides of the seal, with 
each barrier forcing the fluid to follow a tortuous path 
whereby pressure drop is created. The sum of the pres- 
sure drops across the labyrinth seal is by definition the 
pressure difference between the high and low pressure 
regions on axially opposite sides thereof. These laby- 
rinth seal ring segments are typically spring-backed and 
are thus free to move radially when subjected to severe 


rotor/seal interference. In certain designs, the springs 
maintain the seal ring segments 16 radially outwardly 
away from the rotor, for example, during startup and 
shutdown, with fluid pressure being supplied between 

5 the seal ring segments and the rotor housing to displace 
the seal ring segments radially inwardly to obtain a less 
clearance with the rotor, i.e., close the seals, after the 
rotor has been brought up to speed. 
[001 6] Referring to Figure 2 and 2A, there is illustrated 

io in accordance with this invention an example of a com- 
bined labyrinth/brush seal 28 incorporated as a retrofit 
or as original equipment in a labyrinth seal. In this ar- 
rangement, a T-shaped groove 30 is formed in the lab- 
yrinth seal segment 32, with the stem of the groove lo- 

is cated adjacent the centrally located rigid tooth 34. In the 
direction of flow indicated by arrow 36, the rigid labyrinth 
tooth 34 lies on the downstream side of the brush seal 
segment 32 to support the brush bristles 38 in the axial 
direction. 

20 [0017] The bristles 38 (best seen in Figures 3 and 5) 
of this new seal are comprised of conventional brush 
seal material, e.g., wires of Haynes 25 stainless steel. 
Other alloys may be appropriate, however, for specific 
applications. The stiff wire bristles are arranged in two 

25 or more layers, and canted at a 45° angle, as best seen 
in Figures 2, 3 and 6. Along the fold line, the bristles are 
held together by woven fibers 40, such that the bristles 
may be folded over a thin (e.g., 10 mils), flexible metal 
strip or shim 42 best seen in Figure 4, with the woven 

30 fibers 40 extending along the top of the shim 42. After 
the bristles are folded over the shim, another thin (about 
20 mils) flexible steel strip 44 is crimped about the shim 
as shown in Figures 2 and 3 to complete the seal as- 
sembly. It is preferred that the shim 42 and strip 44 not 

35 be particularly elastic, so that when bent (as described 
below), they do not have a tendency to spring back to a 
straighter shape. It is also possible that the bristles 38 
of each layer of bristles may be welded directly to the 
shim, eliminating the need for the woven cross fibers 40. 

40 See, for example, Figure 6 where bristles 38 are welded 
to and between a pair of shim strips 42a and 42b. 
[001 8] It will be appreciated that the brush seal perse 
can be manufactured in essentially endless or continu- 
ous form, independent of any diameter groove in which 

45 it may be placed. 

[0019] In use, an appropriate length segment is cut 
from the supply and is pushed into the precisely ma- 
chined T-slot 30 in a labyrinth seal segment 32. As the 
segment is pushed into the slot, the flexible seal element 

50 easily conforms to the diameter of the slot. After inser- 
tion, set screws (one shown at 46) or other suitable 
means may be employed to lock the brush component 
radially in place within the slot 30. The set screw also 
prevents any circumferential migration of the brush 

ss component within the slot. 

[0020] In the preferred arrangement, the next adja- 
cent labyrinth tooth 34 on the low pressure side of the 
brush seal provides lateral support for the bristles 38 as 
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described above. As best seen in Figure 2, because of 
the 45° canting of bristles 38, a blank triangular area 39 
appears at the end of each segment. Tooth 34 never- 
theless continues to effect a degree of seating at this 
location. 

[0021] In addition, the length of the bristles 36 need 
not be cut to precise tolerances since they will essen- 
tially wear quickly to the required length if initially cut to 
a slightly greater length than required (see Figure 2A), 
as a result of contact with the rotor. By so constructing 
the seal element, the cost has been significantly re* 
duced, particularly because the seal is adaptable to any 
diameter and little is required in terms of close toleranc- 
es. 

[0022] It will also be appreciated that the location of 
the brush component in the labyrinth 6eal may be varied, 
and that the number of brush components within the 
seal may be varied as well. 

[0023] While the invention has been described in con- 
nection with what is presently considered to be the most 
practical and preferred embodiment, it is to be under- 
stood that the invention is not to be limited to the dis- 
closed embodiment but, on the contrary, is intended to 
cover various modifications and equivalent arrange- 
ments included within the scope of the appended 
claims. 


Claims 

1. A labyrinth/brush seal combination for a rotating 
machine comprising an arcuate segment of prede- 
termined axial extent carrying a plurality of axialty 
spaced, circumferentially and radially extending 
seal teeth, and at least one circumferentially ex- 
tending array of discrete bristles carried by said 
segment at a predetermined axial location the- 
realong and projecting beyond the radial extent of 
said teeth, said bristles held within a first flexible 
carrier strip slidably and removably received within 
a slot in said segment. 

2. The combinatbn of Claim 1 wherein said bristles 
are folded about another flexible carrier strip and 
held in place by said first flexible strip which is 
crimped about said another flexible carrier strip. 

3. A labyrinth brush seal combination according to 
Claim 1 or 2 wherein said bristles are woven togeth- 
er about a fold line. 

4. A labyrinth brush seal combination according to 
Claim 1 , 2 or 3 wherein said bristles are oriented at 
about a 45° angle relative to vertical. 

5. The combination of any preceding claim wherein 
said array of discrete bristles lie closely adjacent 
one of said plurality of ax tally spaced, circumferen- 


tially and radially extending seal teeth, on an up- 
stream side thereof. 

6. The combination of any preceding claim wherein 
s said slot is substantially T-shaped, including a stem 

and a transverse section, wherein said flexible car- 
rier strip lies in said transverse section. 

7. A rotary machine comprising: 

70 

rotatable component; 

a fixed component surrounding said rotatable 
component; 

said components lying about a common axis; 

*5 a labyrinth seal between said fixed and rotata- 

ble components comprising a plurality of seal 
segments, each segment including a plurality 
of axially spaced circumferentially extending 
teeth projecting radially toward said rotatable 

20 component; 

each labyrinth seal segment including at least 
one brush seal comprising an array of discrete 
bristles carried by said fixed component for dis- 
position axially adjacent at least one of said 

25 teeth; wherein said discrete bristles are mount- 

ed to a first elongated; flexible, deformable car- 
rier strip and wherein said strip is slidably re- 
ceived within an arcuate slot formed in said 
segment whereby said brush seal conforms to 

30 the curvature of said segment. 

8. The rotary machine of claim 7 wherein said at least 
one brush seal lies approximately mid-way along an 
axial extent of said segments, and wherein an ad- 

55 jacent labyrinth tooth provides lateral support for 
said at least one brush seal. 

9. The rotary machine of claim 8 wherein said carrier 
strip comprises stainless steel. 

40 

1 0. The rotary machine of claim 7 or 8 wherein said bris- 
tles are folded about said first flexible carrier strip 
and held in place by a second flexible strip which is 
crimped about said another flexible carrier strip. 

45 


so 


55 


5 


EP0 911 554 A1 


Fig. I (PRIOR ART) 



6 


EP0 911 554 A1 



7 


EP0 911 554 A1 



8 


EP 0 911 554 A1 



EP 0 911 554 A1 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP 98 30 8790 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document with indication, whore appropriate, 
of relevant passages 


Relevant 
to alatm 


CLASSIFICATION OF THE 
APPLICATION (btLCI.6) 


A 
A 

A 
A 


FR 2 650 048 A (ALSTHOM GEC) 
25 January 1991 

* the whole document * 

US 5 678 898 A (BAGEPALLI BHARAT 
SUMPATHKUMAR ET AL) 21 October 1997 

* column 3, line 2 - column 4, line 32; 
figure 2 * 

US 5 630 590 A (BOUCHARD JOSEPH P ET AL) 
28 May 1997 

* the whole document * 

WO 92 05378 A (CROSS MFG CO) 2 April 1992 

* claims 1-5; figures 1-5 * 

GB 1 541 001 A (SCHLEGEL UK LTD) 
21 February 1979 

* claim 1; figure 2 * 

FR 2 438 214 A (SKF AB) 30 April 1980 

* page 3, line 26 - line 34; figure 3 * 

US 5 183 197 A (HOWE HAROLD) 
2 February 1993 

* the whole document * 


The present search report has been drawn up for afl claims 


1,6,9 


1,4,5 

7 
3 


F16J15/32 


TECHNICAL FIELDS 
SEARCHED (lnt.a.6) 


F16J 


Place dwwsrt* 

BERLIN 


D«e 01 eompieiion of the search 

11 February 1999 


Hoffmann, M 


CATEGORY OF CITED DOCUMENTS 


X : partioutorly relevant 9 taken alone 

V : partieu tarty relevant ff oombined wih another 

dooumant of the same category 
A : technotogioaJ background 
O : nor»-wri«»n dtscbsure 
P : intermediate document 


T : theory or principle underlying the Invention 
E ; earlier patent document, but pubforted on, or 

after the fling date 
D ; document cited in the application 
L : dooument ofted lor other reasons 

& : member of th* same patent femSy, corresponding 
document 


10 


EP0 911 554 A1 


ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 30 87GO 


This annex fists the paler* family member* relating to the patent documents cited In the above-mentioned European search report. 

The members are as contained in the European Patent Office EDP (Be on 

The European Patent Office is in no way liable for these particulars which are merety given for the purpose of information. 

11-02-1999 


Patent document 


Publication 

Patent family 

Publication 

cited in search report 


date 


members) 

date 

FR 2650048 

A 

25-01-1991 

NONE 



US 5678898 

A 

21-10-1997 

NONE 



US 5630590 

A 

20-05-1997 

EP 

0890018 A 

n fti 1QQQ 



WO 

9736094 A 

AO 1ft 1QQ7 




US 

5704760 A 

nc at inno 
00-01-1998 

W0 9205378 

A 

02-04-1992 


69121244 D 

1Z-09-1996 



DE 

69121244 T 

20-03-1997 




CD 
tr 


07-07-1993 




jp 

65G1298 T 

10-02-1994 




us 

5474305 A 

12-12-1995 

GB 1541001 

A 

21-02-1979 

NONE 



FR 2438214 

A 

30-04-1980 

CA 

1124762 A 

01-06-1982 




DE 

2939601 A 

10-04-1980 




DK 

408179 A, B, 

06-04-1980 




GB 

2033498 A.B 

21-05-1980 




JP 

1208327 C 

29-05-1984 




JP 

55051164 A 

14-04-1980 




JP 

58043632 B 

28-09-1983 




NL 

7907339 A 

09-04-1980 




SE 

7810426 A 

06-04-1980 




US 

4281838 A 

04-08-1981 




ZA 

7904759 A 

27-08-1980 

US 5183197 

A 

02-02-1993 

NONE 




} For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 


11 


THIS PAGE BLANK <uspto? 


This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
TSI FADED TEXT OR DRAWING 

12f BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

1£3 COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

%f LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: • 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox^ 


THIS PAGE BLANK 


